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Description 

[METHOD OF FORMING BOND 
MICROSTRUCTURE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92135508, filed on Dec. 16, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of forming a 

bond microstructure, and more particularly to a method of 
forming bond microstructures having different character- 
istics. 

[0004] Description of Related Art 

[0005] Electronic devices are widely used in different applica- 
tions. Chips are essential components of electronic de- 
vices. Chips have to be packaged for both protection and 
communication with the other external circuits. For exam- 
ple, chips and substrates can be packaged and connected 



by a flip-chip package process, and then substrate is con- 
nected with printed circuit boards by a soldering process. 
The chips, substrates and printed circuit boards are con- 
nected through several bond microstructures. The mi- 
crostructures can be formed, for example, by reflowing 
metal layers in a reflow process. The microstructures 
serve the interconnection between the electronic devices 
and also provide mechanical support thereto. It is believed 
that about 80% failure of electronic devices is directly or 
indirectly related to the bond microstructures. Therefore, 
reliability of the bond is very important. 

[0006] it should be noted that Au-Sn alloy having better thermal 
conductivity and mechanical strength than those of Au-Si 
alloy, and therefore widely used in electronic device pack- 
age to serve as the bond microstructures. Moreover, the 
Au-Sn alloy having a weight ratio 80:20, i.e., Au20Sn, is 
most popular in the industry. It can be applied to connect 
two substrates or to fix fibers on a substrate. 

[0007] However, different packages of electronic devices require 
different bond microstructures characteristics. Therefore, 
bond microstructures having different characteristics 
thereof, such as thermal conductivity or mechanical prop- 
erties, are highly desirable. 



Summary of Invention 



[0008] The present invention is directed to a method of a bond 
microstructure having different characteristics for suiting 
various industrial applications. The tin layer and the gold 
layer are treated with different heating temperature to 
form bond microstructures having different characteris- 
tics. The treatment conditions can be adjusted to manu- 
facture bond microstructures having desired characteris- 
tics according to requirements of electronic devices. 

[0009] The present invention provides a method of forming a 
bond microstructure. A tin layer and a gold layer are se- 
quentially formed on one of the two members. The weight 
ratio of tin to gold is 20:80 with a variation range of about 
±3-4%. Next, the tin layer and the gold layer are treated 
with a first temperature or a second temperature for 
forming bond microstructures having different character- 
istics. The bond microstructure is used for connecting the 
two members. According to one embodiment, when the 
tin and gold layers are treated with the first temperature, 
the bond microstructure will have a layered structure; and 
when the tin and gold layers are treated with the second 
temperature, the bond microstructure will have a eutectic 
structure. 



[0010] The present invention also discloses another method of 
forming a bond microstructure. A tin layer and a gold 
layer are respectively formed on two members . For ex- 
ample, the weight ratio of tin to gold is 20:80 with a vari- 
ation range of about ±3-4%. The tin layer and the gold 
layer are treated with a first temperature or a second tem- 
perature to form bond microstructures having different 
characteristics. The bond microstructure is used for con- 
necting the two members. According to one embodiment 
of the present invention, when the tin and gold layers are 
treated with the first temperature, the bond microstruc- 
ture will have a layered structure; and when the tin and 
gold layers are treated with the second temperature, the 
bond microstructure will have an eutectic structure. 

[0011] | n one embodiment of the present invention, the first 

temperature is no more than 280°C, and preferably within 
a range of 240-280°C. The bond layered structure com- 
prises an AuSn layer structure and an Au s Sn layer struc- 
ture. In one preferred embodiment of the present inven- 
tion, the second temperature is higher than 280°C, and 
the bond eutectic structure comprises AuSn and Au s Sn. 

[0012] | n 0 ne embodiment of the present invention, the gold 

layer is formed on one of the two members, and then the 



tin layer is formed over the gold layer. In another embodi- 
ments, the tin layer is formed on one of the two members, 
and then the gold layer is formed over the tin layer. For 
example, the tin layer is formed by performing an electro- 
plating process, an evaporation process, an electroless 
platingprocess or a sputtering process. The step of heat- 
ing the tin layer and the gold layer is accomplished by 
heating under pressure or a thermal reflow method. 
[0013] | n one embodiment of the present invention, an adhesion 
layer, a barrier layer and a wetting layer are sequentially 
formed on one or both of the two members before form- 
ing the tin layer and the gold layer. The adhesion layer 
comprises titanium or chromium. The barrier layer com- 
prises Co, Ni, Pt or Pd. The wetting layer comprises Au or 
Cu. 

[0014] in one embodiment of the present invention, the members 
comprise a flip chip and a substrate, or a photo-electronic 
device and a substrate. 

[0015] The present invention uses different heating temperature 
for treating the tin layer and gold layer to form a bond 
microstructure having desired characteristics, such as 
conductivity, thermal conductivity or mechanical strength, 
according to requirements of electronic devices. 



[0016] | n order to make the aforementioned and other objects, 
features and advantages of the present invention under- 
standable, a preferred embodiment accompanied with fig- 
ures is described in detail below. 
Brief Description of Drawings 

[0017] FIG. 1A is a process flow showing a preferred method for 
controlling a microstructure of the present invention. 

[0018] FIG. IB is a process flowchart showing a method of form- 
ing a microstructure according to one embodiment of the 
present invention. 

[0019] FIG. 2A is a SEM picture of a bond microstructure formed 
via treatment at 280°C. 

[0020] FIG. 2B is a SEM picture of a bond microstructure formed 
via treatment at 290°C. 

[0021] FIG. 3A is a SEM picture of another bond microstructure 
formed via treatment at 280°C. 

[0022] FIG. 3B is a SEM picture of another bond microstructure 

formed via treatment at 290°C. 
Detailed Description 

[0023] FIG. 1A is a process flowchart showing a method of form- 
ing a microstructure according to one preferred embodi- 
ment of the present invention. Referring to FIG. 1A, a tin 



layer and a gold layer are sequentially formed on one of 
two members in step S10. The % weight ratio of tin to 
gold is about 20:80 having a variation range of about 
±3-4%, for example. The two members are, for example, 
a flip chip and a substrate, or a photo-electronic device 
and a substrate. In one embodiment, the tin layer is 
formed on one of the member and then the gold layer is 
formed over the tin layer, and vice versa. The tin layer and 
the gold layer can be formed by performing known con- 
ventional process, such as, an electroplating process, an 
evaporation evaporation, an electroless plating or sputter- 
ing process. 

[0024] Next, the tin layer and the gold layer are treated with a 

first temperature or a second temperature to form a bond 
microstructure in step S20. The bond microstructure is 
used to connect the two members. It is to be understood 
that the bond microstructure formed under the first tem- 
perature treatment will have characteristics different the 
bond microstructure formed under the second tempera- 
ture treatment, and accordingly, a suitable temperature 
may be selected for treating the tin and gold layers to ob- 
tain bond microstructure having characteristics for suiting 
various industrial applications. In one embodiment of the 



present invention, the first temperature is no more than 
280°C, and preferably within a range of about 240-280°C. 
When the tin layer and the gold layer are treated under the 
first temperature, the bond microstructure will have a lay- 
ered structure comprising an AuSn layer and an Au s Sn 
layer. In one embodiment of the present invention, the 
second temperature is higher than 280°C. When the tin 
layer and the gold layer are treated under the second 
temperature, the bond microstructure will have an eutec- 
tic structure comprising AuSn and Au^n. In addition, the 
first and second temperature can be achieved by perform- 
ing by heating under pressure or a thermal reflow 
method. 

[0025] one of ordinary skill in the art can perceive that an adhe- 
sion layer, a barrier layer and a wetting layer may be se- 
quentially formed on one or both of the two members be- 
fore forming the tin layer and the gold layer for enhancing 
adhesion and barrier properties between the bond mi- 
crostructure and the members. The adhesion layer com- 
prises titanium or chromium. The barrier layer comprises 
Co, Ni, Pt or Pd. The wetting layer comprises Au or Cu. 

[0026] As described in the above embodiment of the present in- 
vention, the tin layer and the gold layer are formed on one 



of the two members with reference to FIG. 1A. However, 
the present invention is not limited thereto. The tin layer 
can be formed on one of the two members and the gold 
layer can be formed on the other member to achieve the 
purpose of the present invention. As shown in FIG. IB, a 
tin layer and a gold layer are respectively formed over two 
members in step S30. The % weight ratio of tin to gold is 
about 20:80 having a variation range of about ±3~4%. 
Next, the tin layer and the gold layer are treated under a 
first temperature or a second temperature to form a bond 
microstructure in step S40. The bond microstructure is 
used to connect the two members in step S40. 
[0027] it should be noted that when the tin layer and the gold 

layer are treated under the first temperature, for example, 
at no more than 280°C, the bond microstructure will have 
a layered structure comprising an AuSn layer and an Au 
5 Sn layer. When the tin layer and the gold layer are treated 
under the second temperature, for example, at a temper- 
ature higher than 280°C, the bond microstructure will 
have an eutectic structure comprising AuSn and Au s Sn. In 
other words, according to the present invention, the bond 
microstructure formed under the first temperature treat- 
ment will have characteristics different the bond mi- 



crostructure formed under the second temperature treat- 
ment. Accordingly, a suitable temperature may be se- 
lected for treating the tin and gold layers to obtain bond 
microstructure with desired characteristics according to 
various requirements. 

[0028] | n order to describe how the temperature treatments af- 
fect the characteristics of the bond microstructure, two 
preferred embodiments are described below. 

[0029] FIG. 2A is a SEM picture of a bond microstructure formed 
via treatment at 280°C. FIG. 2B is a SEM picture of a bond 
microstructure formed via treatment at 290°C. 

[0030] Referring to FIG. 2A, a copper layer, a tin layer and a gold 
layer are sequentially formed on a silicon substrate 10 via 
evaporation process. The copper layer, the tin layer and 
the gold layer have thickness of about 4um, 3.2um and 
2.13um, respectively. The % weight ratio of gold to tin is 
about 20:80 having a variation range of about ±3~4%, 
wherein the ratio of gold to tin can be achieved by, for ex- 
ample, controlling the thickness of the gold layer and the 
tin layer. Referring to FIG. 2A, when the tin layer and the 
gold layer are treated at 280°C, the bond microstructure 
12 will have a layered structure comprising an AuSn layer 
and an Au Sn layer. The copper layer 14 between the sili- 



con substrate 10 and the bond microstructure 12 serves 
as the wetting layer for enhancing adhesion between the 
silicon substrate 10 and the bond microstructure 12. 

[0031] Referring to FIG. 2B, when the tin layer and the gold layer 
are treated at 290°C, the bond microstructure 16 will have 
an eutectic structure comprising AuSn and Au s Sn. Simi- 
larly, the copper layer 14 between the silicon substrate 10 
and the bond microstructure 16 serves as the wetting 
layer for enhancing adhesion between the silicon sub- 
strate 10 and the bond microstructure 16. 

[0032] FIG. 3A is a SEM picture of another bond microstructure 
formed via treatment at 280°C. FIG. 3B is a SEM picture of 
another bond microstructure formed via treatment at 
290°C. 

[0033] Referring to FIG. 3A, a copper layer, a nickel layer, a tin 

layer and a gold layer are sequentially formed on a silicon 
substrate 20 via evaporation process. For example, the 
copper layer, the nickle layer and the tin layer have thick- 
ness 4um, 2um, 3.2um and 2.13um respectively. The % 
weight ratio of gold to tin is about 20:80 having a varia- 
tion range about 3~4%, wherein the ratio of gold to tin can 
be achieved by, for example, controlling the thickness of 
the gold layer and the tin layer. As shown in FIG. 3A, when 



the tin layer and the gold layer are treated at 280°C, the 
bond microstructure 22 will have a layered structure com- 
prising an AuSn layer and an Au s Sn layer. The copper 
layer 24 between the silicon substrate 20 and the layer 
structure 22 serves as the wetting layer for enhancing ad- 
hesion between the silicon substrate 10 and the bond mi- 
crostructure 22. The nickel layer 26 between the copper 
layer 24 and the bond microstructure 22 serves as the 
barrier layer for preventing the downward diffusion of tin 
from the bond microstructure structure 22. 

[0034] Referring to FIG. 3B, when the tin layer and the gold layer 
are treated at 290°C, the bond microstructure 28 will have 
an eutectic structure comprising AuSn and Au s Sn. Simi- 
larly, the copper layer 24 between the silicon substrate 20 
and the bond microstructure 28 serves as the wetting 
layer for enhancing adhesion between the silicon sub- 
strate 20 and the eutectic structure 28. The nickel layer 
26 between the copper layer 24 and the eutectic structure 
28 serves as the barrier layer for preventing the downward 
diffusion of tin from the bond microstructure 22. 

[0035] Accordingly, bond microstructures having different char- 
acteristics can be obtained by treating the gold and tin 
layers, and the like, with different temperatures to suit 



various requirements. Moreover, the % weight ratio of tin 
and gold may also be altered for obtaining a bond mi- 
crostructure with different characteristics, such as con- 
ductivity, heat or mechanical strength, for suiting various 
requirements of electronic devices. 
[0036] Although the present invention has been described in 
terms of exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be con- 
structed broadly to include other variants and embodi- 
ments of the invention which may be made by those 
skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 



